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ABSTRACT: 
In this paper, a high sensitive, stable and reproducible electrical chemical sensor system based on 
macroporous silicon has been developed. Screen printed metal contacts have been taken from macroporous 
silicon layer which result in extremely stable, quasi ohmic and reproducible contacts. Such a sensor 
structure has been characterized for different organic and ionic solutions commonly used for biochemical 
applications. The sensitivity of the reported sensor at a particular frequency has been found to be almost ten 
times compared to previous reports of macroporous silicon sensor where contacts are taken from the 
backside and also in comparison to interdigited electrode array structure. The improvement and variation of 
sensitivity with frequency for different solutions has been explained taking into account the dependence of 
double layer impedance with frequency, distributed RC networks of the macroporous silicon structure, 
ionic conductivity of the solution and effects of ion sizes.  However, from the impedance measurement it 
has been observed that the sensor capacitance with such stable contacts has an ultra low-Q value and to 
exploit such sensor for portable field use systems, an embedded signal conditioning unit has been realized 
to display the measured capacitance value after offset compensation and reduction of parasitic effects. 
  
Keywords: Macroporous Silicon, Stable electrical contacts, detection of chemicals, high sensitivity, low 
Q capacitance, portable 
 
 
 
 1. INTRODUCTION: 
 
Porous silicon which is formed by anodic etching of crystalline silicon can have pore 
sizes ranging from nano to meso to macro as desired as well as a very large surface to 
volume ratio (>500m2/cm3) by controlling the formation parameters like composition of 
etching solution, resistivity of substrate, current density and etching time [1]. Owing to its 
structural advantage, porous silicon layers are being exploited for various chemical and 
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 biochemical-sensing applications like detection of bacteria [2], DNA hybridization [3] 
and sensing of other biological chemicals. But most of these reports are based on the 
optical properties of nano and meso-structured porous silicon which suffer from the 
limitations of rather high cost, low sensitivity and non-portability [4]. However to 
improve the resolution and impart portability to such sensors at a relatively low cost, it is 
necessary to detect the changes electrically. But in this regard, nanostructured porous 
silicon suffers from the problem of unstable electrical contacts [5] due to the large 
number of dangling bonds resulting in drift and non-reproducibility. Thus meso and 
macroporous silicon have been explored by researchers for electrical sensing of some 
organic solvents and molecules like oxygen, acetone, benzene, toluene and others [6, 7]. 
Experiments have been performed on different contact geometries of such mesoporous 
silicon layer [6-10] but in almost all of them, the response of the device has been found to 
depend on the characteristics of the electrical contact with the porous silicon. To avoid 
this problem, contacts have been taken from the underlying bulk silicon [6] in a 
macroporous silicon sensor but that results in low sensitivity and long response time. To 
obtain high sensitivity and stable performance, in this paper we report the fabrication of 
stable ohmic contacts on macroporous silicon by screen printing technique. Such 
technique results in conformal deposition of metal which help to increase the baseline 
capacitance and also the sensitivity towards chemical sensing. The contact stability has 
been studied through the I-V and capacitance characteristics. The macroporous silicon 
has been characterised for different organic solutions and ionic solutions like sodium and 
potassium chloride. It has been found to possess high sensitivity compared to other 
reports [5-9]. The increased sensitivity may be attributed to direct charge transfer 
mechanism between the solutions and the metal contacts.  
But the major disadvantage of the proposed sensor structure with stable screen printed 
contact is the presence of a low shunt resistance across the sensor capacitance resulting 
into an ultra low Q value of the sensor capacitance (of the order of 10-4) over a wide 
frequency range which poses a challenge in the development of a portable, reliable and 
robust system. An improved phase detection scheme capable of working with such a low 
Q value has been presented with a view to develop a portable hybrid macroporous silicon 
based sensor system.  
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 Phase detection schemes for measurement of capacitance has been reported earlier [11, 
12]. But for measurement of very low-Q capacitance which results in an extremely small 
phase shift of the order of 0.010 requires improvements in the conventional phase 
detection schemes to maintain low power consumption and to measure precisely the pulse 
width at the output of the phase detector for a stable LED display. The hardware 
description of the phase detection circuit which is based on a mixed signal approach has 
been presented in details. The principal features of this circuit are offset compensation, 
reduction of parasitic effects and noise signal for a stable display of the capacitance 
value.  
Thus the proposed macroporous silicon structure with stable screen printed electrical 
contacts along with the field usable signal conditioning unit can be deployed for various 
commercial biosensor applications like pathogen detection, DNA hybridization and 
others.  
  
2. SENSOR FABRICATION 
 
The porous silicon layers have been fabricated by electrochemical etching of p-type 
silicon (ρ 10-20Ωcm) under constant current conditions with a current density of 
4mA/cm2. The electrolyte used is 4wt% hydrofluoric acid (48wt%) in N,N 
dimethylformamide (DMF)[6]. The use of DMF results in straight and smooth pore walls 
with pore diameter in the micrometer range. These conditions are selected to increase the 
pore diameter. The porous layers are etched for 60 minutes resulting in about 30μm thick 
layers. The schematic and the picture of the sensor are shown in Fig.1a and b 
respectively. The SEM pictures of the porous silicon layer of dimension 1cm by 1cm are 
shown in Fig.2a and b respectively. 
Oxidation of the porous silicon surface is required for stable operation of the devices. The 
porous silicon layer is oxidized by dry thermal oxidation in a furnace at a temperature of 
9500C for 45 minutes. The oxide also protects the surface of silicon from potassium and 
sodium electrolytes which improves the reusability of the sensor. After oxidation, the 
porous layers are rinsed with deionized water and ethanol and dried under a stream of 
nitrogen. The metal contacts of dimensions 3mm by 1mm with a separation of around 
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 1mm on porous silicon are then formed by screen printing with commercially available 
aluminium paste followed by its firing at 7200C for 45seconds in nitrogen ambient in a 
temperature controlled annealing furnace. Silver paste is then applied and baked at a 
temperature of around 120oC for stable bonded wire electrical contacts. The metal 
contacts area are kept large to increase the baseline value of capacitance which reduces 
the interference of parasitic capacitances. Screen printing of contacts result in conformal 
deposition of metal and forms stable ohmic contacts with silicon as reflected by the I-V 
characteristics in Section 4.1.Formation of stable ohmic contacts helps in reducing the 
effect of the space charge region at the metal semiconductor interface in sensing of 
electrolyte.   
 
 
Fig.1a Schematic of the sensor    Fig. 1b Picture of the sensor 
 
  
Fig.2a SEM of macroporous silicon surface   Fig.2b SEM of cross section 
 
 
3. MEASUREMENT SETUP 
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 The equivalent capacitance and resistance between the two contacts is measured by 
Agilent 4844 LCR bridge for different frequencies and applied voltage. An applied 
voltage of around 500mV amplitude is chosen for measurement. All the experiments are 
performed at room temperature of around 22oC. DC measurements to estimate the contact 
resistance have been carried out using Keithley electrometer.  
Solutions used for measurement other than deionised water are organic chemicals like 
acetone, methanol, iso-propyl alcohol, ethanol and toluene and ionic solutions like 
sodium and potassium chloride. The organic solutions are of 98% purity, analytical grade 
from E.Merck. Measurements have also been taken with potassium chloride and sodium 
chloride solution where 1 ml of each of the solution contains 150mg of the salts. Five sets 
of solutions have been prepared by dilution with deionised water of 18MΩcm resistivity 
for each of these. 
Solutions are added onto the sample in controlled quantity through a micropipette 
(100µl). After the reading in the LCR bridge is noted down, the solutions are removed 
and the sample is dried by using nitrogen jet and then kept in vacuum for sometime 
before the next measurement.  
 
4. RESULTS AND DISCUSSIONS 
 
4.1 Impedance measurements 
 
Fig.3 shows the variation of capacitance of the sensor with frequency at an applied ac 
voltage of 1V and zero dc bias for thermally oxidized macroporous silicon sample. It is 
observed that the baseline value of the measured capacitance decreases with increase in 
frequency from 100Hz to 100kHz. The measured capacitance is obtained from the 
reactive part of the effective impedance between the contacts. This effective impedance 
which depends on applied frequency, pore and crystallite capacitances and resistances 
and geometry of the metal contacts essentially results from the presence of two RC 
networks in series—one arising from the double layer and the other from the dielectric 
[6] and for most of the electrolytes (including the few monolayers of initially adsorbed 
water) in the low frequency range, double layer impedance dominates the dielectric 
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 impedance. This double layer impedance is reported to decrease with increasing 
frequency [13, 14] which explains our observation. The high value of baseline measured 
capacitance (of the order of a few nanofarads) can be attributed to the combined effect of 
the conformal deposition of metal increasing the effective area and the double layer 
impedance at the silicon dioxide-pore and metal interface resulting from the few 
monolayers of water adsorbed on the oxide surface even in the absence of any electrolyte. 
The capacitance variation with applied voltage is shown in Fig.4 for different dc bias at 1 
kHz frequency. It is observed that the variation of the capacitance with dc bias from 0 to 
2V is around 10%. This may be attributed to the bias dependence of the double layer 
capacitance [15]. 
The I-V characteristics is shown in Fig.5. The value of the resistance obtained from the 
charateristics is around 200Ω and is found to be independent of applied frequency and 
voltage. This may be attributed to the formation of fairly ohmic contacts between the 
metal and the macroporous silicon. Thus the resistance under the contacts is primarily the 
combined resistance of the underlying bulk silicon and the silicon crystallites as shown in 
Fig.1a. For a starting silicon wafer of 10-20Ωcm resistivity, average crystallite dimension 
in macroporous silicon of 1μm by 1μm by 10μm and contact dimension of 3mm by 1mm, 
the resistance of the crystallites is negligible compared to the underlying bulk silicon. 
The reproducibility of the sensor has been checked by observing the stability of the 
capacitance and resistance characteristics over a period of one month. It has been 
observed that the capacitance variation for two different frequencies is within 1% from 
the baseline as shown in Fig.6a. and the resistance is also found to be stable within 0.2% 
of the baseline value over a period of one month which indicates the contact stability of 
the macroporous silicon sensor as shown in Fig.6b. 
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Fig.5 I-V characteristics 
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Fig. 6a Variation of capacitance with time  Fig.6b Variation of I-V characteristics with time 
 
4.2 Response to biochemical and organic solutions 
INTERNATIONAL JOURNAL ON SMART SENSING AND INTELLIGENT SYSTEMS, VOL. 1, NO. 3, SEPTEMBER 2008
644
  
The response of the sensor has been tested with different solutions like acetone, ethanol, 
methanol, iso-propyl alcohol and water. The resistance has been found to be almost 
constant with different solutions since it is the bulk silicon resistance. The percentage 
change in relative capacitance is shown in Fig.7a with different frequency at an applied 
ac voltage of 1V with no dc bias. From fig.7a, the sensitivity of the sensor (% change in 
capacitance) is found to be maximum at some particular frequencies for different 
electrolytes. This may be attributed to the series combination of distributed RC networks 
in the macroporous sensor structure due to the presence of pores and crystallites which 
leads to variation in the measured capacitances with frequencies. When a solution 
infiltrates the pores, there is a change in the double layer impedance in the pore-
semiconductor-metal interface depending on the electrolyte. This double layer 
capacitance again decreases with increasing frequency [13, 14] for almost all the 
electrolytes where as the other capacitances in the RC network do not decrease. Thus 
there may be some optimum frequencies for different electrolytes at which the equivalent 
measured capacitance becomes maximum. The sensitivity obtained at this frequency for 
deionized water and other organic solutions is almost ten times more compared to earlier 
reports [6]. This may be attributed to the direct charge transfer between the metals and 
the solutions unlike the structure reported in [6].Also for all the solutions, the capacitance 
has been found to increase from the baseline value. 
Fig.7b shows the percentage change in capacitance with the dielectric constants of the 
solutions. It is observed that the sensitivity is more for solutions with higher dielectric 
constants. This may be attributed to the fact that the double layer capacitance is 
proportional to the square root of the dielectric constant [15] and in most of the cases, the 
double layer capacitance dictates the pore capacitance.  
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Fig.7a Variation of % change in capacitance with  Fig. 7b % change in capacitance with dielectric  
frequency for different solutions constant of different solutions at the optimum 
frequency 
The response of the sensor with sodium and potassium chloride are shown in Fig.8 at a 
frequency of around 800Hz. It is observed that there is a significant relative change in the 
capacitance of around 1800 when exposed to a solution of sodium chloride containing 
100mg in 1ml. The change in the capacitance decreases almost linearly in both the cases 
with decrease in concentration. The relative change of capacitance as obtained with 
macroporous silicon for these solutions is higher compared to the relative change in 
impedance obtained from nanoscale interdigitated electrode arrays as reported in [16].  
It is observed from Fig. 7 and 8 that the relative change in capacitance for ionic 
electrolytes like sodium and potassium chloride solution is significantly more than the 
organic solution. This may be attributed to the increase in double layer capacitance for 
ionic solutions. Though the dielectric constant of these ionic solutions is much smaller 
than the organic solutions, their number of ions in the bulk solution is significantly more 
due to the high ionic conductivity and the infiltration depths of these ionic solutions are 
also more owing to their small ion sizes which increase the effective area of the double 
layer capacitance. These two effects override the impact of the lower dielectric constant 
and ultimately increases the double layer capacitance for ionic electrolytes [15]. 
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Fig. 8 Relative change in capacitance with ionic solutions 
 
5. Signal Conditioning unit 
 
From Section 4 we observe that the macroporous silicon sensor is most sensitive at a 
frequency of around 800Hz at which the Q factor of the sensor capacitance is only 
approximately 10-4.The signal processing unit is designed to measure this capacitance. 
With solutions, the resistance of the solution is observed to remain almost constant with 
frequency, thus the Q factor can be directly correlated to the capacitance value. For 
measurement of very low Q capacitances, phase detection technique based on mixed 
signal design is preferred. This is because in conventional bridge method of detection , 
the output of the bridge will be very small which will require low noise and low offset (of 
the order of a few nanovolts) amplifiers and also high noise immunity which is difficult 
to attain in any complete analog design at the discrete level [17,18]. Also it is not possible 
to use oscillator based detection technique, since building of oscillation using an LC 
coupled oscillator, relaxation oscillator or RC phase shift oscillator is not possible at such 
a low Q value of capacitance [19]. Some circuits based on ratio transformer bridges for 
measurement of low Q capacitances have been reported but they lack portability [20, 21, 
22]. To overcome these problems, an improved phase detection scheme with a seven-
segment display employing low power consumption high slew rate comparator, high 
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 frequency clock and a suitably programmed FPGA chip for the purpose, which has been 
shown in the schematic diagram of Fig.9.   
The phase shift between the reference signal and the signal from the biosensor is passed 
through two comparators to convert to square waves. The design of the comparator is 
very crucial to maintain a high slew rate without increasing the power consumption 
which is discussed in section 5.1. The output of the comparators is then applied to the 
input of the XOR gate, which give pulses of small width corresponding to the phase shift. 
The pulse width is to be counted by an asynchronous counter and the capacitance will be 
proportional to the average of a certain number of count values. The display of the 
capacitance takes place with the help of look up table. For this purpose, a Xilinx based 
FPGA chip is chosen for programming which has certain advantages over the 
microcontrollers as discussed in Section 5.2.  
 
Fig. 9 Schematic diagram of the circuit 
 
 
5.1 Specifications: 
 
The signal processing unit is designed with the specifications required for detecting the 
changes in capacitance of the sensor at a frequency of around 800Hz where the sensitivity 
is maximum. The resistance value remains constant at 200Ω. The values of the 
capacitances of the sensor as measured by the Agilent LCR bridge 4844 and the 
corresponding phase angle(in degrees)of the macroporous silicon sensor around  800Hz 
with the amplifier as discussed in Section 5.2 is shown in Table 1: 
 
Medium to which sensor is Capacitance value Phase value (in degree) 
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 exposed 
Air 
Deionized water 
Methanol 
Ethanol 
Acetone 
1-propanol 
700pF 
5.95nF 
5.675nF 
5.25nF 
4.9nF 
3.8nF 
0.016 
0.14 
0.133 
0.123 
0.116 
0.089 
Thus from the above table, the required specifications are: 
i) Minimum capacitance to be sensed at 800Hz: 0.7nF 
ii) Q factor to be measured: around 3x10-4 
iii) Required resolution of measurement: 300pF         
 
The description of the individual blocks to meet the desired specifications are discussed 
in the following sections. 
 
5.2 Non-inverting amplifiers and generation of reference signal 
   
The output of the sensor and the reference signal are applied to the comparator after 
being amplified by non-inverting amplifiers. For low noise amplification, OP-07 has been 
used. These amplifiers are needed to achieve desired gain and avoid loading effect 
between the sensor and the comparator. For proper operation of the sensor, a voltage of 
amplitude 1V is applied across the sensor as discussed in Section 4.2. This 1V signal is 
generated from a standard ICL8038 chip and passive components. The desired frequency 
in such a chip is obtained from the relation [23]: 
 
f= 0.33/RC                          (1) 
 
For a frequency of 800Hz, a fixed 33nF capacitor(C) is chosen and a fixed resistor of 
10kΩ value with a 10kΩ trimpot in series is chosen to yield the resistance(R) of around 
12.5 kΩ. 
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 The gain of the amplifier has to be kept within a value of 2 for proper operation of the 
comparator as discussed in the next section. The sensor is connected between the 
inverting terminals and ground to reduce the effect of parasitic capacitance. Since the 
effective impedance of the sensor is around 200Ω, the feedback resistance (Rf) is chosen 
to be around 150Ω to keep a gain of 1.75. For the reference signal amplifier, in place of 
the sensor, a 200Ω resistance is placed as shown in Fig.9. 
 
5.3 Comparators and XOR gate 
 
The major considerations for the design of the comparator in this case are slew rate and 
power consumption. To meet the required specifications, the slew rate should be such 
that the time taken by the output of the comparator to make a swing from 0 to the supply 
voltage (Vdd) should be comparable to the minimum pulse width corresponding to the 
minimum phase difference between the reference signal and output signal. From the co- 
nfiguration of the non-inverting amplifier and the sensor characteristics, the minimum 
change in the phase between the reference signal and the output signal at a frequency of 
800Hz is given by tan-1(ω(Rf//Rp)Cp) which is 0.0160.For a 800Hz operating frequency, 
this minimum phase shift corresponds to a pulse width of 57ns. Thus for a 5V comparator 
the slew rate should be close to 87.7V/μs. It is preferable that the practical slew rate be 
within 0.2 times of the required. 
To attain such high slew rate, the comparators available (like LH0024, HA-2840)  
normally consume high power and operate from greater than ±10V supply [23, 24]. To 
maintain low power consumption, a single input comparator has been designed using 
CMOS push pull invertor chip (CD 4069) with passive R and C in the feedback 
connection as shown in Fig.10. In the presence of the feedback connection, the input 
node of the invertor is normally charged to Vdd in absence of any input signal and hence 
in the positive half cycle of the input, the output is zero for almost the entire cycle till the 
value of Vdd has decreased sufficiently to drive the input to logic’0’. When the input 
signal becomes negative, the output makes a transition to Vdd since Vdd has already 
discharged to a low value during the positive cycle thus driving the input to logic ‘0’ 
level. Thus the duty cycle of the square wave obtained at the output is determined by the 
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 RC time constant and to achieve a duty cycle close to 50%, the RC time constant is 
chosen close to half the time period of the input wave. For an operating frequency of 
800Hz, a value of R=1MΩ and C=1nF is chosen. The output square wave as observed in 
the digital storage oscilloscope (Model Yokogawa) is shown in Fig.11a.  
To maintain sharp rising and falling edges of the square waves, two additional invertors 
of the chip has been used. For two comparators, a single chip served the purpose. The 
slew rate of both the comparators is primarily dependent on the value of the propagation 
delay of the cascade of three invertors which is equal to around 150ns, yielding a slew 
rate of value 33V/μs as shown in Fig.11b which is within the safe and detectable limit of 
operation. However, an offset phase shift between the two comparators in absence of the 
sensor has been observed to be around 100ns at a frequency of 800Hz, which may be 
attributed to the drift in the threshold voltages of the MOS transistors due to the spatial 
process parameter variation. The capacitance between the two wires has been found to be 
of the order of 1-2pF, which is insignificant compared to the actual capacitance of the 
biosensor. The offset cancellation has been dealt with in the next part of the circuit as 
discussed in the subsequent section. 
   
 
Fig.10 Comparator schematic 
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Fig.11a Comparator output 
 
 
           Fig. 11b Slew rate of comparator 
  
 
The comparators designed can be used successfully over a wide frequency range of 
500Hz to 500KHz. But with frequencies below 500Hz, the offset and flicker noise 
increases significantly which may be reduced by ASIC design of the circuit. 
The output of the comparators is applied to the input of the XOR gate as shown in Fig.9 
which produces pulses of width proportional to the phase shift between the reference 
signal and the output signal. The rise time and the fall time of the XOR gate is within 
50ns and hence is reliable for producing small pulse widths required for this purpose.   
 
 5.4 Pulse width measurement followed by display  
 
The minimum pulse width which is to be measured is around 50ns in 800Hz frequency. 
For a resolution of 0.3nF, a minimum change in pulse width of around 30ns is to be 
sensed. For measurement of such low pulse widths using low pass filter followed by 
amplifier [17] is very critical since the noise voltage of the amplifier has to be within 
1µV and for such purpose, ASIC design is preferable which may not be cost effective for 
low volume production. Thus a suitable method of detection for reliable and portable use 
at a low cost would be to count the pulse width using a high frequency clock. Thus to 
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 produce greater than 1 count for a change in 0.3nF, a clock of time period 20ns is 
required. Also, averaging of the count needs to be done before the count value is latched 
for display. This averaging is done to reduce the error in pulse width fluctuation owing to 
the thermal noise of the sensor. Such algorithms can be employed conveniently using 
embedded systems such as microcontrollers or FPGAs. The necessary features of the 
algorithm include averaging, latching of the count value and comparing with the look up 
table to obtain the capacitance value for LED display. For our purpose, a FPGA chip has 
been employed since the entire algorithm can be realised onto a dedicated hardware 
through programming of switches unlike in microcontroller where the program execution 
consumes some clock cycles and hence is difficult to be used for counting such narrow 
pulse width. 
To satisfy the requirement of clock period of 20ns, a Xilinx Spartan 3 chip has been used 
which has a clock frequency of 50MHz. With this frequency, an error in two incremental 
counts can be accomodated to include the fluctuation due to flicker noise from the 
components for a resolution of 40ns to detect a 0.3nF change in capacitance. The 
algorithm which has been programmed onto the chip for implementing the process is 
discussed below. 
 
• Two variables DATA and CLK have been assigned as the input signals correspo 
nding to the output of the XOR gate to indicate pulse width and system clock 
input respectively. Also two switches on the board have been initialized as input 
bits SHOW1 and SHOW2 to start the count and display the corresponding 
capacitance, when pressed. SEG has been set as 8-bit output port to provide data 
to four-multiplexed seven-segment display, and DIGIT as 4-bit output port to 
activate one digit of seven-segment display at a time. 
 
• An internal variable OFFSET has been assigned to count the offset pulse width as 
soon as the power is on. A 16-bit internal signal COUNT (initially reset to zero) 
has been set to count at each active edge of the clock pulse after SHOW1 has been 
pressed on inserting the sensor. The count takes place during the on time of the 
pulse after which it is accumulated in another variable SUM. This continues for 
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 sixteen such pulses. Averaging of the value stored in SUM is done by right shift 
method. 
 
• A 16-bit signal COUT has been initialized to store the average count value from 
SUM. A signal DRVCLK is used to stabilize multiplexed display (to drive each 
seven segment in 1-16ms), which is basically a 19-bit counter and initially reset to 
zero. A variable FINAL is used to store final count value (COUT-OFFSET) to 
address LUT. The LUT contains the capacitance data, which is temporarily stored 
in COUT1 variable.  
 
• Generate seven-segment code (common anode) for each four-bit binary/bcd data 
from COUT1 and send it to SEG output port to display data. This process is 
repeated four times to display four segments one by one after 2.62ms 
(multiplexed display) so that the complete data (capacitance value in pF i.e.1000, 
1300, 1600, 1900 etc.) is displayed. 
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Fig.12a Value of capacitance displayed 
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Fig.12b Picture of the circuit 
The displayed value of capacitance of the biosensor with and without different solutions 
at a frequency of around 800Hz is given in Fig.12a. It is observed that the error is within 
9% of the measured value by precision capacitance bridge as indicated in Table I. The 
actual picture of the entire circuit is shown in Fig.12b. 
The developed circuit consists of a battery powered dedicated system consisting of 
amplifiers, comparators and XOR gate interfaced with a FPGA board of Xilinx for testing 
and validation in the laboratory. For more compact system for field use, a dedicated PCB 
with the FPGA chip and the required accessories can be fabricated. 
The macroporous silicon structure with the stable electrical contacts and improved 
sensitivity for chemical sensing presented in this paper along with the field usable signal 
conditioning scheme has the potential to be employed for important commercial  
applications like bacteria and pathogen detection, toxin detection, traces of organic 
vapour sensing for environmental monitoring and others. 
 
Conclusion: 
 
In this paper we have reported the electrical sensing of biochemical and organic chemical 
solutions using thermally oxidized macroporous silicon and a  ultra low Q(of the order of 
10-4) phase detecting circuit as the signal processing unit. Stable and fairly ohmic metal 
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 contacts have been fabricated using screen printed aluminium paste on macroporous 
silicon to yield a stable resistance of around 200Ω.The macroporous silicon has been 
used as a low-Q capacitive sensor whose baseline capacitance is of the order of a few 
nanofarads(around 3nF) due to the conformal deposition of metal which reduces the 
interference of parasitic capacitance. The capacitance of the sensor has been 
characterized over a wide frequency range of 100Hz to 100kHz and the sensor is found to 
be reproducible over a months time. The sensitivity towards organic solutions has been 
found to be almost ten times more compared to other reports at a frequency around 
800Hz. An improved phase detection circuit has been realized using a Xilinx FPGA chip 
which can measure a minimum of 0.7nF capacitance corresponding to a phase shift of 
0.0160 at 800Hz frequency with a resolution of detecting 300pF capacitance change and 
imparts portability to the sensor by direct display of the capacitance.    
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